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THE LIGHT AND VELOCITY CURVE BUMPS FOR BW VULPECULAE

William Dean Pesnell
University of Florida

and

Arthur N. Cox
Los Alamos Scientific Laboratory

I. INTRODUCTION

BW Vulpeculae (HD 199140) is a well known Beta Ceohei star. w~th
several unusual characttiristics. It possesses the largest amplitude
in both light and radial velocity variations, of any star in this
classification. The most outstanding feature of the observations is a
standstill or bump, on the light curve, accompanied by doubled lines
in the radial velocity observations. In this paper, we have attempted
to explain these phenomena with two different models. Firstly, the
resonance mechanism, from Simon and Schmidt, and cecondly, a non-linear
calculation,

11, RESONANCE MECHANISM

The reso~ance mechanism was first advanced by Simon and Schmidt
(1976). It can be used to explain the “bumps” on the Iigtltclrves of
Cepheid and BL Herculis variables, (Hodson and Cox (1980) and King
et al. (1980). While the nature of the standstill found i,~BW Vul is
quantitatively different Srom that of the Cepheids, a study was under-
taken to determine whether a resonance was at work in the star,

The presence of a resonance is denoted by the following relationship

().47 <, 7,/!I()~o,53
.

where X, = period of second radial overtone mode
.

ii(]● period of the radial fundamental mode,

From Cepheid calculations (Stobi@ 1969a,b), the above ratio is .s1s,>
correlated with the position of the bump with respect to the maximum ,>f
the light curve, The rel~tionahip is:



l$moc 0.50 bump on rising light

IT2/ITo >“0.50 bump on falling light

r12/lIo= 0.50 bump at maximum

We would therefore expect a model from BW VU1 to have a pet-iodratio
slightly less than one half.

Models spanning the region of the HR diagram where the Beta Cephei
variables are found were constructed using a stellar modeling code
developed at LASL. A linear, non-adiabatic stability analysis, using
Castor’s code (1971), was performed on the models. This yielded
periods and eigenfunctions for the radial fundamental and first two
radiAl overtone pulsational modes.

Several evolutionary states of these massive stars were studied.
The end of the hydrogen exhausted core contraction phase is used as
being the most appropriate, This gave the closest fit to the period of
BW Vul for a radial fundamental mode, An assumed mass-luminosity re-

‘.ationahipis given in Table 1, Values were obtained from Iben (1965a,b.)
and Lamb, Iben and Howard (1976). t)epletionof core hydrogen due CO
nuclear burning was calculated from the same references, and a repre-
sentative granh of hydrogen abundance is given in figure 1, (11 No)

Table 1
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10 4,12
11 4,25 x“ 0.90
12 4,37
13 ‘8A,+
1.’+ A,58
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17 4,81
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When compared with earlier calculations (Lesh and Ai.zenman1974),
our periods are shorter by a noticable amount, The length of the radial
fundamental mode was considered!by Lesh and Aizet~manto discount it’s
presence in Beta Cephais, Our calculations show th~t the radial funda-
mental is not eliminated in the lower luminosity stars, but is still
unl;,kcly in those stars of higher luminosity,

This shortening of the period is directly relatl?dto the mass con-
centration of th~ start Acccrding to Ledoux and !Jalraven(1958) a wore
cent:’allyconder~madstar hds a shorter period, Decreasing the hydrogen

content o~ th~ core will increase the mean molecular weight, increasing



the density of the core. This results in a more centrally condensed
star and therefore a shorter fundamental period. (See Cox and Giuli,
1968, p.764).

The results of the calculations are summarized in figure 2.
Straight lines represent lines of constant period, and are labeled by
the appropriate radial fundamental period, in days. The two curves are
lines of constant period ratio for H2/H0. The crosses are observed
points (Beeckmans and Burgerj 1977, Jakate, 1979, 1980, Lesh and
.Aizenman,1974, 1978.).---— - ..._ ..— .—.— —

---
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Log (T,f+
Fip, 2 Theoretical H-R Diagram

As the period ratios are nowhere near the value of on(~half, the
resonance mechanism is clearly not responsible for the structure of 13W
Vul’s light curve,

111, NON-LINEAR CALCULATIONS

!Jhenour first hy~othesis failed co explain the bump, a second one
was tried, [“singa no-linear, Lagranginn, radiation, hydrodynarnjccode
at LASL, a radial fun;:amentaleigenfunction was driven at amplitudes
suitable for BW Vul, !)etails of the model ara Table 2, The theoretical,
amplitude was chosen fzu~ a formula ty Campes and Smith (1980),



() 0,06
AT+K 10

~

with A = theoretical radial velocity amplitude = 100 Km/see
T

K = observed radial velGcity amplitude = 80 Km/see (Lane
& McAlary, 1980]

= rotational veiocity = 38 Km/see (Watson, 1972)
‘R

The results can be seen in figure 3, 4, and 5, There is a bump
on the radial velocity curve at the proper phase. The radius dependence
agrees well with that of Goldb(,rget al, (1976). However, che amplitude
is far too large,

as compared with an observed amplitude If

~K = 160 Km/gee

The original theoretical amplitude was increased due to the appli-
cation of the Stellingwerf SPS method to obtain a full amplitude oscil-
lation. The initial Newton-Raphson corrections boost the amplitude to
twice it’s original value. The bump is a consequence ~f the rdpid
increase in the amplitude that resulted. ?fodelsthat did not experieflce
this corrective boost did not show the bump feature. As 3W Vul ex-
perienced a similar “burst” ;~ 1947 (Eggen 1948), this does not geem an
unreasonable explanation for the bump. Although an explanation fo: the
bump mcy be given, there is no driving in this model, so a tr’~efull
amplitude pulsation will not be found. Further work will be done co
see if the bump’s existence can be explained more fully.

~lj , CONCLUSIONS

We have attempted to model “bumps” in the li2ht and radial “?elocity
curves of the Beta Cephei star BW Vulpeculae, Two mechanisms, a
resonance phenomena and non-linear pulsations, were investigated. The
resonance conditim was clearly not fulfilled, the calculated period
ratio being approximately 0.60, where a value of 0,5f~~ 0.03 is re-
quired for resonance, In the non-linear calculation, the bump appears,
with the correcz phase, but was found at an amplitude shat is too Iarqe,
Further, the light curve does nut show any bump-like feature, The cause
of the bump is the large spurious boost given the star’s velocity field
by the solution methods.

The calculated periods ot the stellar models are shorter than those
of previous calculations, enhancing the possibility that these stars
pulsate in a radial fundamental mode.
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